Cognitive behavioral therapy is an effective treatment for improving mental health problems among university students. However, intervention components have different effects on mental health problems. This paper is a meta-analysis of the data concerning the relationship between cognitive behavioral variables and mental health status among university students. A total of five electronic databases were reviewed, and 876 articles met the initial selection criteria. Reviewers applied standardized coding schemes to extract the correlational relationship between cognitive behavioral variables and mental health status. A total of 55 articles were included in the meta-analysis. Correlations were found for three cognitive behavioral variables (attention, thought, and behavior) across nine mental health domains (negative affect, positive affect, happiness, social function, stress response, psychological symptom, quality of life, well-being, and general health). Across each cognitive behavioral process and all mental health domains, the estimated mean correlation was medium (r = .32 -.46), and varied by the domain of mental health.
Introduction
Mental health problems among university students is an important issue. Auerbach et al. analyzed data on mental health problems of university students in each country using the World Mental Health Surveys [1] . The results indicated that university students suffering from psychiatric disorders were reluctant to attend university and were unable to receive appropriate treatment. Steptoe et al. investigated the extent of depressive symptoms in 17,348 university students between the ages of 17 and 30 in 23 countries [2] . They found that the prevalence of severe depressive symptoms was 38% in university students from East Asia (e.g., Japan, Korea), 13.9% for men and 17.1% for women from Western countries. Therefore, establishing and managing a support system in universities that focuses on mental health problems has become an important issue.
Mental health problems among university students have negative influences on academic performance and social function. Richardson that examined the relationship between mental health status and academic performance [3] . This analysis revealed that the intensity of general stress has a negative impact on academic performance. Weissman et al. investigated the influence of depressive and anxiety symptoms on daily life in adolescence and on social life throughout adulthood [4] . This study showed that depressive and anxiety symptoms in adolescence influenced their job turnover rate and the likelihood that they will remain unmarried. The WHO definition of health emphasizes not only the absence of illness but also positive aspects such as social functioning and well-being [5] . Keyes classified the positive aspects of mental health in terms of hedonia and positive functioning [6] . Specifically, hedonia includes "experiencing positive affect" and "avowing happiness or life satisfaction"; in addition, positive functioning includes "social acceptance," "social actualization," "social contribution," "social coherence," "social integration," "personal growth," "purpose in life," "autonomy," "environmental mastery," "self-acceptance," and "positive relationships with others." Furthermore, showing "personal growth," "purpose in life," "autonomy," "environmental mastery," "selfacceptance," and "positive relationships with others" are components of well-being [7] . Therefore, in order to measure mental health, it is necessary to assess not only the general health condition including psychological symptoms or stress responses related to mental illness indicated by WHO, but also affective state, happiness, social functioning, and well-being.
Cognitive behavior therapy (CBT) is widely applied as a psychological approach to promote good mental health in university students. Charlesworth et al. examined the effect of relaxation training on state and trait anxiety in 18 college students [8] . The results indicated that relaxation training reduces trait anxiety. Perna et al. (1998) examined the effect of cognitive behavioral stress management program on the mood states in 34 university students [9] . The results showed that cognitive behavioral stress management program reduces dysphoric mood states. Rosenzweig et al. examined the effect of mindfulness training on mood states for 302 university students in their sophomore year [10] . They found that mindfulness training reduces dysphoric mood states. Levin et al. examined the effect of web-based acceptance and commitment therapy on the academic concerns and well-being of 79 college students [11] . The results indicated that acceptance and commitment therapy improved concerns about academic learning and social well-being.
CBT is an effective approach to improve mental health in university students. CBT includes many therapeutic components and outcome measures. Harvey et al. pointed out that there are five cognitive behavioral variables that can be applied to cognitive behavioral therapy (i.e., attention, memory, reasoning, thought, and behavior [12] ). Attention includes variables such as selective attention and mindfulness. Memory includes variables such as overgeneral memory and memory distrust. Reasoning includes variables such as interpretation and attribution. Thought includes variables such as rumination and belief. Behavior includes variables such as avoidance and coping. These five variables are not disorder specific, and are applied in the transdiagnostic approach [12] . Conley et al. conducted a systematic review on the effects of psychological interventions for promoting mental health in university students [13] . The results indicated that mindfulness training is more effective than CBT, relaxation training, and meditation. Furthermore, CBT was found to be more effective than relaxation training and meditation.
Each component of psychological approaches to mental health problems of university students has a different effect. The outcome measures of cognitive behavioral variables that affect the mental health problems of university students have not been verified. Less than one in five adolescents who are in need of treatment receive appropriate psychological interventions [14] . To improve access to effective psychological interventions, it may be useful to develop a brief intervention [15] . In this way, the student counseling center at universities can offer psychological interventions during semester term [16, 17] . Identifying cognitive behavioral variables that strongly influences mental health status is important for developing an effective protocol. In the present study, we aim to conduct an analysis to identify cognitive behavioral variables that influence mental health status in university students.
Method

Definition of terms
First, we defined cognitive behavioral variables according to Harvey et al's definition [12] . The definition is as follows: (1) attention, (2) memory, (3) reasoning, (4) thought, and (5) behavior. Second, we defined mental health according to WHO's definition of health and Keyes's definition of positive aspects of mental health [5, 6] . The definition is as follows: (1) negative affect, (2) positive affect, (3) happiness, (4) social function, (5) stress response, (6) psychological symptom, (7) quality of life (QOL), (8) well-being, and (9) general health.
Search strategy
We identified relevant articles in multiple electronic databases (PsycINFO, PubMed, and CENTRAL). In addition, we used the SIGLE and PsyEXTRA databases to search grey literature. The search included articles published in English from the earliest date available to June 11, 2019 in each database. The selected search terms were "universities," "college," "undergraduate," "mental processes," "adaptation, psychological," "attitude," "attention," "psychology," and "mental health." After the database search, we also searched the reference sections of the articles for additional sources. Additionally, the Thesaurus of Psychological Index Terms, created by the American Psychological Association, can be used as a type of thesaurus search in PsycINFO. Therefore, we utilized this additional tool when searching PsycINFO to obtain all possible references in addition to the above-mentioned terminologies.
Inclusion and exclusion criteria
Studies included for meta-analysis met the following criteria: (1) written in English, (2) samples were specifically college or junior college students, (3) assessed a bivariate relationship between mental health status and cognitive behavioral variables, (4) reported an effect size, or a statistic that can be calculated, measuring the bivariate association between cognitive behavioral variables and mental health status, and (5) published in a peer-reviewed journal. It also included baseline data for intervention studies. Studies were excluded if their samples were psychiatric patients.
Screening procedures
Based on the inclusion criteria, two independent raters evaluated "include," "exclude," and "unsure" for each article. The value of Kappa indicates fair agreement (κ = .47) [18] . Of the 876 articles extracted using the electronic search, we rejected 616 articles for which both the raters evaluated "exclude." This resulted in 260 articles, of which 27 articles received the same "include" evaluation by both raters, 66 articles received the same "unsure" evaluation by both raters, and 167 articles were evaluated as either "include" or "unsure" by either rater. There were 18 duplicates among the 260 articles. Therefore, we searched the reference sections of the 242 articles. As a result of the reference section search, we extracted 38 new articles. Two raters independently read the full texts of the 280 articles and judged whether they should be subject to meta-analysis. The inter-rater disagreement were resolved by discussion between the raters once they reached a consensus. Furthermore, as defined above, cognitive behavioral measures were categorized as attention, memory, reasoning, thought, or behavior, mental health measures were categorized as negative affect, positive affect, happiness, social function, stress response, psychological symptom, QOL, well-being, or general health. The inter-rater classification differences were resolved by discussions between raters based on the definition and a consensus was reached. A total of 55 articles were selected for the meta-analysis (Table 1) . Fig 1 presents the procedure used to extract the articles.
Meta-analytic procedures
This study targeted investigations reporting on the bivariate relationship between cognitive behavioral variables and mental health status. Therefore, multivariable measures of association, such as regression coefficients, were excluded because they are not directly comparable to measures of bivariate association [74] . A meta-analysis was conducted for each combination of cognitive behavioral process and mental health status. When multiple outcomes were used in the study, the effect sizes were extracted for each combination of classifications if the combination of classifications was different (e.g., combination of automatic thoughts and positive affect [thought and positive affect], and combination of automatic thoughts and depressive symptoms [thought and psychological symptoms]). When the effect size was reported in the same combination, it was integrated into the research (e.g., combination of automatic thoughts and depressive symptoms [thought and psychological symptoms] and combination of automatic thoughts and anxiety symptoms [thought and psychological symptoms]). To integrate the effect size, we used Fisher's z scale weighted for sample size. Cohen's standard definition of small (.10), medium (.30), and large (.50) effect sizes were used to interpret the effect size findings [75] . In a meta-analysis, clinical and statistical heterogeneity are inevitable because subjects and areas differ depending on the study [76] . Therefore, we used the random effect model to calculate the effect size. Furthermore, we calculated I 2 [76] , and the statistical heterogeneity of the research included in the meta-analysis was confirmed. If we detected a large heterogeneity, then we conducted a subgroup analysis based on the classification of mental health status (i.e., positive affect, negative affect etc.). To confirm publication bias, we examined the symmetry of the funnel plot using a linear regression test [77] and the trim and fill method [78] . For all analyses, we used the R version 3.4.1 [79] . We used the metafor package [80] to integrate effect size and examine the symmetry of the funnel plot.
Results
Characteristics of included studies
We extracted three categories of cognitive behavioral variables, "attention," "thought," and "behavior", and all categories of mental health based on reading the full-text. The variables of "memory" and "reasoning" were not extracted. Table 1 presents the characteristics of the included studies. Furthermore, Table 2 presents the results of the classification, and Table 3 presents the scales used in each classification.
As Table 2 indicates, "behavior" (29 studies, 48 effect sizes) is the most common cognitive behavioral variable related to mental health status. The second most common is "thought" (23 studies, 33 effect sizes) and the third is "attention" (20 studies, 36 effect sizes). "Psychological symptom" (32 studies, 41 effect sizes) is the most common mental health category related to the cognitive behavioral variables. Psychological symptoms included "depressive symptoms," "anxiety symptoms,""pathological worry," "post-traumatic stress disorder symptoms," and the like (details are shown in Table 3 ). The second most common is "stress response" (14 studies, 17 effect sizes) and the third is "negative affect" (13 studies, 17 effect sizes). Table 4 shows the meta-analysis results for each classification. 
Relationship between attention and mental health status
Studies on attention measured the awareness of personal experiences such as body sensation, thought, and emotion (e.g., mindfulness, metacognitive awareness). Table 4 and Fig 2 present a medium correlation between attention and mental health status (r = .34, 95% confidence interval [CI] = .30 to .38). Because we observed a large statistical heterogeneity (I 2 = 91.8%), we conducted a subgroup analysis based on the classification of mental health status.
Six studies reported a bivariate relationship between attention and negative affect. The results of this meta-analysis indicate a medium correlation between attention and negative affect (r = -.39, 95% CI = −.47 to −.31). Two studies reported a bivariate relationship between attention and positive affect. The results of this meta-analysis indicate a small or medium correlation between attention and positive affect (r = .23, 95% CI = .15 to .31). Four studies reported a bivariate relationship between attention and happiness. The results of this metaanalysis indicate a small or medium correlation between attention and happiness (r = .28, 95% CI = .15 to .41). Five studies reported a bivariate relationship between attention and stress response. The results of this meta-analysis indicate a medium correlation between attention and stress response (r = −.35, 95% CI = −.45 to −.25). Nine studies reported a bivariate relationship between attention and psychological symptom. The results of this meta-analysis indicate a medium correlation between attention and psychological symptom (r = −.32, 95% CI = −.46 to −.18). Two studies reported a bivariate relationship between attention and QOL. The results of this meta-analysis indicate a medium correlation between attention and QOL (r = .32, 95% CI = .23 to .40). Three studies reported a bivariate relationship between attention and well-being. The results of this meta-analysis indicate a medium correlation between attention and well-being (r = .39, 95% CI = .31 to .47). Four studies reported a bivariate relationship between attention and general health. The results of this meta-analysis indicate a medium correlation between attention and general health (r = .32, 95% CI = .17 to .48). We did not conduct subgroup analysis because only one study reported a bivariate relationship between attention and social function. 
Relationship between thought and mental health status
Studies on thought measured thinking variables (e.g., automatic thoughts, irrational belief). Table 4 and Fig 3 present a medium or large correlation between thought and mental health status (r = .46, 95% CI = .39 to .53). Because we observed a large statistical heterogeneity (I 2 = 96.5%), we conducted a subgroup analysis based on the classification of mental health status. Seven studies reported a bivariate relationship between thought and negative affect. As a result of integrating the effect size, we found a medium or large correlation between thought and negative affect (r = .46, 95% CI = .35 to .58). Six studies reported a bivariate relationship between thought and stress response. As a result of integrating the effect size, we found a large correlation between thought and stress response (r = .54, 95% CI = .31 to .77). Fifteen studies reported a bivariate relationship between thought and psychological symptom. As a result of integrating the effect size, we found a medium or large correlation between thought and psychological symptom (r = .43, 95% CI = .32 to .54). Four studies reported a bivariate relationship between thought and general health. As a result of integrating the effect size, we found a medium correlation between thought and general health (r = −.36, 95% CI = −.40 to −.32). We did not conduct subgroup analysis because no studies or only one study reported a bivariate relationship between positive affect, happiness, social function, QOL, and well-being.
Relationship between behavior and mental health status
Studies on behavior measured coping processes of external or internal experiences (e.g., problem-solving coping, commitment). Table 4 and Fig 4 presents a medium correlation between behavior and mental health status (r = .33, 95% CI = .27 to .38). Because a large statistical heterogeneity was observed (I 2 = 95.2%), we conducted a subgroup analysis based on the classification of mental health status.
Four studies reported a bivariate relationship between behavior and negative affect. As a result of integrating the effect size, we found a small or medium correlation between thought and negative affect (r = −.40, 95% CI = −.63 to −.17). Three studies reported a bivariate relationship between behavior and positive affect. There is no significant correlation between behavior and positive affect as a result of integrating the effect size (r = .21, 95% CI = −.07 to .49). Three studies reported a bivariate relationship between behavior and happiness. As a Psychological symptoms 32 41
Quality of life 2 3
Well-being 5 6
General Health 9 15
https://doi.org/10.1371/journal.pone.0223310.t002 result of integrating the effect size, we found a medium correlation between behavior and happiness (r = .39, 95% CI = .23 to .56). Four studies reported a bivariate relationship between behavior and social function. As a result of integrating the effect size, we found a small correlation between behavior and social function (r = .19, 95% CI = .07 to .31). Six studies reported a Relationship between cognitive behavioral variables and mental health status among university students bivariate relationship between behavior and stress response. As a result of integrating the effect size, we found a medium or large correlation between behavior and stress response (r = −.47, 95% CI = −.55 to −.39). Seventeen studies reported a bivariate relationship between behavior and psychological symptom. As a result of integrating the effect size, we found a medium correlation between behavior and psychological symptom (r = −.29, 95% CI = −.40 to −. 19) . Three studies reported a bivariate relationship between behavior and well-being. As a result of integrating the effect size, we found a small or medium correlation between behavior and wellbeing (r = .23, 95% CI = .17 to .29). Seven studies reported a bivariate relationship between behavior and general health. As a result of integrating the effect size, we found a medium correlation between behavior and general health (r = .38, 95% CI = .29 to .47). We did not conduct a subgroup analysis because only one study reported a bivariate relationship between behavior and QOL.
Reporting bias
We assessed the risk of reporting bias through visual inspection and linear regression tests of funnel plots [77] . Because it has been argued that the test for funnel plot asymmetry should be used only when there are at least 10 studies [18] , we only conducted a linear regression test when there were over 10 studies. With the linear regression test, asymmetry of the funnel plot was detected in studies that reported bivariate relations between attention and mental health status (p < .001). Based on the trim and fill method, the uncorrected effect size (before adding the possible missing studies) is .34 (95% CI = .30 to .38), and the corrected effect size (after adding six possible missing studies) is .32 (95% CI = .28 to .36). Although there is evidence of publication bias, its effect is not significant (Fig 5) .
Discussion
This study is the first meta-analysis of the relationship between cognitive behavior variables and mental health status in university students. We found that the overall correlation coefficients between cognitive behavioral variables and mental health status were medium (attention: r = .32; thought: r = .46; behavior: r = .33). However, we detected a large heterogeneity (attention: I 2 = 91.8%; thought: I 2 = 96.5%; behavior: I 2 = 96.0%), which means that the effect sizes likely depend on mental health status, while cognitive behavioral variables are related to mental health status. Therefore, we classified mental health as "negative affect," "positive affect," "happiness," "social function," "stress response," "psychological symptom," "QOL," "well-being," and "general health" and conducted a meta-analysis on them.
As Table 4 shows, attention has larger effect sizes than behavior in relation to well-being. For positive affect and QOL, attention shows significant effect sizes, but thought and behavior do not. Thought has larger effect sizes than attention and behavior on negative affect, stress response, and psychological symptom. In social function, behavior shows significant effect sizes, but attention and thought do not. These findings suggest that attention is related to the positive aspects of mental health such as well-being, and thought is related to the negative aspects of mental health such as negative affect. Behavior is related to social function, but attention and thought are not.
As mentioned above, this study identifies cognitive behavioral variables that are strongly related to the mental health status in university students. Next, we review how these cognitive behavioral variables have been used in existing psychotherapy. To develop effective psychological intervention methods, we will consider what kind of future research is necessary.
These results support previous studies that examined the effects of psychological treatment. First, the classification of attention in this study includes mindfulness and metacognitive awareness (e.g., Mindful Attention Awareness Scale [81] , Metacognition Questionnaire [84] ). As techniques to promote mindfulness and metacognitive awareness, mindfulness-based psychotherapy [163] , attention training [164] , and computer-based training to train attention [165] are available [12] . Mindfulness-based psychotherapy is the most frequently reported and effective technique by clinical trials and meta-analyses [166] [167] [168] . Mindfulness is defined as "paying attention in a particular way: on purpose, in the present moment, and nonjudgmentally" [169] . Several clinical trials and meta-analyses report that mindfulness-based psychotherapy is effective when it creates positive aspects in mental health [170, 171] . Furthermore, integrating 23 meta-analyses that reported on the effectiveness of mindfulness-based psychotherapy revealed that mindfulness-based psychotherapy not only improved depressive symptoms (standard mean difference (SMD) = −.37) and anxiety symptoms (SMD = −.48) but also promoted QOL (SMD = −.39) [172] . In previous research, while the subjects were not purely university students, mindfulness-based psychotherapy not only improved the negative aspects of mental health but also promoted the positive aspects. In addition, in the present study, the attention process was correlated with positive aspects of mental health in university students [25, 26, 28 ], suggesting that psychological interventions targeting the attention process may be effective when promoting positive mental health in this population.
Second, the classification of thought in this study includes automatic thoughts and dysfunctional belief (e.g., Automatic Thought Questionnaire-Negative [99] , Dysfunctional Belief and Attitudes about Sleep Scale [90] ). Cognitive therapy is a technique to improve automatic thoughts and dysfunctional belief [12] . Cognitive therapy is a psychological treatment focused on thought that improves depressive symptoms and supports clients by observing and considering the thought processes [173] . The Society of Clinical Psychology reported that cognitive therapy is an effective treatment for depression [174] . A meta-analysis suggests that the cognitive therapy treatment of depression has a higher remission rate as opposed to no intervention (Odds Ratio = 0.42) [175] . Another meta-analysis shows that cognitive therapy improves generalized anxiety and social anxiety [176, 177] . In previous research, while subjects were not purely university students, cognitive therapy improved the negative aspects of mental health. In the present study, the thought process was correlated with the negative aspects of mental health in university students [33, 57] ; so psychological interventions targeting the thought process may be effective treatments for the negative aspects of mental health in this population.
Third, the classification of behavior in this study included coping and commitment (e.g., Brief COPE Inventory [109] , Acceptance and Action Questionnaire [108] ). As techniques to promote coping and commitment, behavioral activation and acceptance and commitment therapy are available [12] . Behavioral activation is a psychological treatment that focuses on increased engagement in adaptive activities, decreased engagement in activities that maintain depression or increased risk of depression, and solving problems that limit access to rewards or that maintain or increase aversive control [178] . Acceptance and commitment therapy is a psychological treatment that focuses on decreasing experiential avoidance and increasing action along the valued direction [179] . Behavioral activation and acceptance and commitment therapy are effective in improving social dysfunctions because they aim to resolve problems by focusing on real-life behavior. In randomized controlled trials, behavioral activation and acceptance and commitment therapy are shown to be effective against social dysfunction (behavioral activation: d = 1.21 [180] ; acceptance and commitment therapy: partial η 2 = .22 [181] ). In previous research, while subjects were not purely university students, behavior activation and acceptance and commitment therapy improved social dysfunction. In the present Relationship between cognitive behavioral variables and mental health status among university students study, the behavior process was correlated with the social function in university students [43, 58] , therefore, psychological interventions that target the behavior process may be effective when it comes to social dysfunction in university students. As mentioned above, when providing psychological interventions to university students, it would be best to provide psychotherapy that focuses on the attention, thought, and behavior variables that target mental health problems. This meta-analysis is not without limitations. First, we detected a large heterogeneity in the studies included in the meta-analysis. The heterogeneity did not affect the results of the present study because this meta-analysis used the random effect model. However, future studies must consider heterogeneities among university students. Studies focusing on university students have at times taken into consideration several demographic variables, such as a student's major [182] . In contrast, some studies were conducted without considering the differences in demographics [183] . These differences in demographics may affect the results of the analysis [22] . In addition, because the present study extracted only English articles, which is an international language, the influence of the cultural background could not be verified. In the future, it is necessary to analyze the data pertaining to each demographic, including cultural background, and accumulate the findings. Furthermore, we could not conduct a meta-analysis on some of the classifications because we could not extract the required amount of data. Therefore, some relationships between cognitive behavioral variables and mental health status were unclear (e.g., thought and positive aspects of mental health [positive affect, happiness, QOL, and well-being]); it will be necessary to try and resolve this issue in the future.
Conclusion
The present study is the first to examine the relationship between cognitive behavioral variables and mental health status among university students using meta-analysis. The findings reveal that cognitive behavioral variables are overall correlated with mental health status. Therefore, psychological treatment based on CBT is effective for solving mental health problems among university students. Psychological treatment, including thought process, can be effective in treating the negative aspects of mental health, and the attention process can be effective in treating the positive aspects of mental health. However, this meta-analysis could not reveal some of the relationships between cognitive behavioral variables and mental health status.
In summary, psychological treatment based on CBT is effective in solving mental health problems among university students. However, outcomes vary, and several factors influence them. Therefore, when examining the effects of psychological treatment on university students, various outcomes should be included. 
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